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Abstract

Objectives—To describe the methodology utilized to evaluate cognitive function in the Multi-

Ethnic Study of Atherosclerosis (MESA) and to present preliminary results by age, gender and 

race/ethnicity.

Design—Cross-sectional measurements of a prospective observational cohort.

Setting—Residents of 6 US communities free of cardiovascular disease at baseline (2000-02).

Participants—4,591 adults who completed the 5th MESA clinical examination in 2011-12, 

mean age 70.3 (SD 9.5) years, 53.1% women, and 40.7% Non-Hispanic White, 26.4% Non-

Hispanic Black, 21.4% Hispanic, and 11.5% Chinese.

Measurements—The cognitive battery consisted of the Cognitive Abilities Screening 

Instrument (version 2) to evaluate global cognition, the Digit Symbol Code for processing speed 

and Digit Spans Forward and Backward to assess memory. Demographic, socioeconomic, and 

cultural covariates were also collected for descriptive statistics and multivariate modeling.

Results—Associations between socio-economic factors and cognition revealed that age, race/

ethnicity, education, occupational status, household income, health insurance type, household size, 

place of birth, years and generation in U.S., and the presence of the APOE4 allele were 

significantly associated with performance on the cognitive tests although patterns varied by 

specific test, racial/ethnicity, and socio-cultural factors.

Conclusions—As many of the influencing cultural and socioeconomic factors measured here 

are complex, multifactorial, and may not be adequately quantified, caution has been recommended 

with regard to comparison and interpretation of racial/ethnic group performance differences from 

these cross-sectional models. These data provide a baseline for future exams and more 

comprehensive longitudinal analyses of the contributions of subclinical and clinical diseases to 

cognitive function and decline.
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As the population ages and racial diversity increases in the United States, there is a need to 

better understand trends in cognitive function and decline in older adults across ethnic 

groups comprising the U.S. population. Dramatic growth in the number of “oldest old”, 

adults age 85 years and above, across all racial and ethnic groups is contributing to an 

increase in the rate of dementias including Alzheimer's disease (1,2). The fastest sector of 

the growing minority elderly groups are Hispanic elders with a 328% increase and Asian 

and Pacific Islanders with 285% increase in comparison to 81% increase among Caucasians 

and 131% increase among African-Americans by 2030. Studies have been conducted that 

examine ethnic differences in the prevalence and incidence of dementia, most commonly 

among non-Hispanic Whites, non-Hispanic Blacks, and Hispanics, with varied results (3). 
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Although there is no consensus, a growing body of evidence suggests that dementia may 

disproportionately affect racial/.ethnic minority groups in the US (4-8). The Alzheimer 

Association estimates that in non-Hispanic Blacks age 65 and older, the prevalence of AD 

and other dementias is approximately twice the rate of Whites; the rate in Hispanics is about 

1.5 times greater than that of non-Hispanic Whites (6). The reasons for these apparent 

differences in racial/ethnicity and their implications are poorly understood at this time.

Cognitive function is multi-dimensional and is affected by a large number of biological and 

social factors. While objectively measured influences such as genetics and comorbid 

diseases are involved, social and cultural factors may also play a role that is more difficult to 

disentangle (3). The strong relationship between education and neuropsychological test 

performance has been well documented in a meta-analysis; however, risk of dementia 

associated with years of education appears to vary by population (9). The relationship 

between education and dementia occurred when years of education better reflected cognitive 

capacity. Assessment of different cognitive functioning along with social and cultural 

factors may help clarify the relationship between cognitive aging and race/ethnicity.

The Multi-Ethnic Study of Atherosclerosis (MESA) provides a unique opportunity to 

examine how clinical markers and diseases, as well as social and cultural factors, are related 

to cognitive function and decline, and whether these patterns differ across racial and ethnic 

groups. The primary objective of this manuscript is to describe the methodology utilized to 

evaluate cognitive function in MESA at Exam 5 and to present descriptive results by age, 

gender and race/ethnicity. We also present preliminary associations of cognitive test scores 

by demographic variables in a sub-sample of participants to set the stage for more 

comprehensive analyses. These results will provide the background for subsequent 

manuscripts to address risk factors related to cognitive function and decline with aging, 

using the rich data available from five clinical examinations in four racial and ethnic 

samples in MESA.

METHODS

The MESA Cohort

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective observational cohort 

comprised of 6,814 adults age 45-84 years in 2000-2002 who self-reported their race/

ethnicity as Non-Hispanic White, Non-Hispanic Black, Hispanic or Chinese (10). Adults 

between the ages of 45-84 years who were free of clinically apparent CVD were recruited 

from 6 US communities: Baltimore City and Baltimore County, Maryland; Chicago, Ill; 

Forsyth County, North Carolina; Los Angeles County, California; Northern Manhattan and 

the Bronx, New York; and St. Paul, Minn. Each field site recruited from locally available 

sources, which included lists of residents, lists of dwellings, and telephone exchanges. The 

primary objective of MESA is to determine the characteristics related to the prevalence and 

progression of subclinical CVD to clinical CVD focusing on age, gender and race/ethnicity 

differences in subclinical disease prevalence, risk of progression, and rates of clinical CVD 

(10).
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Measurements

Data were collected using standardized questionnaires for assessing demographics including 

age, self-identified ethnicity, education, household income, health insurance, occupation, 

medical history and health behaviors. Cultural background questions included place of birth, 

years living in the US, and primary language spoken in the home. Participants were allowed 

to select the language to be used at the visit from English, Spanish or Chinese (Mandarin or 

Cantonese). Between baseline and 2011, four additional follow-up examinations were 

conducted to repeat measurements of the initial examination and to collect new clinical 

procedures. All participants provided informed consent and institutional review board 

approval was received at all MESA sites and reading centers.

Assessment of Cognition

Cognitive function was evaluated during the 5th MESA follow-up exam using three 

standardized and validated tests to address several cognitive domains: global cognitive 

function, processing speed, and memory. The neuropsychological tests utilized are described 

below:

Cognitive Abilities Screening Instrument (CASI, version 2)—The CASI was 

selected to measure global cognitive function because it was explicitly developed for cross-

cultural use. It has been translated into Japanese, Chinese, Spanish, and French and has been 

utilized in these ethnic populations (11-13). The CASI includes 25 items which represent 

nine cognitive domains including attention, concentration, orientation, short-term memory; 

long-term memory, language, visual construction, verbal fluency and abstraction/judgment. 

Individual items were summed to provide an overall cognitive function score ranging from 0 

to 100.

Digit Symbol Coding (DSC) is a subtest of the Wechsler Adult Intelligence Scale-III (17) 

that measures how quickly simple perceptual or mental operations can be performed, which 

along with working memory (see next test) mediate a large proportion of age related 

variance in memory (18,19), reasoning (18) and other cognitive abilities (20). A key at the 

top of the test page shows a series of nine simple symbols (e.g., +, >) that are paired with 

numbers (1-9). For 120 seconds the participant copies the correct symbol into an empty box 

directly below another box containing one of the numbers which are randomly ordered. The 

DSC score ranges from 0 to 133.

Digit Span (DS) is also a sub-test of the Wechsler Adult Intelligence Scale-III (17) that 

assesses working memory. This test is administered in two parts and requires the participant 

to repeat gradually increasing spans of numbers (e.g., 2-7-4) first forwards (14 trials 

maximum) and then backwards (14 trials maximum). For each given span length, two trials 

are administered and a point is awarded for each correctly recalled span. Scores range from 

0 to 28.

General instructions for the cognitive exam were translated into Spanish and Mandarin 

Chinese and then independently back-translated by native speakers and pre-tested. A 

centralized training was held prior to the 5th MESA exam to standardize administration. 
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Examiners were certified to administer the tests and conference calls were held throughout 

the data collection period to maintain high fidelity. Additional training was provided as 

needed.

Estimation of the ApoE4 Allele

ApoE isoforms were estimated from SNPs rs429358 and rs7412 from the genotyping 

conducted in MESA participants in 2013. The ApoE isoforms were estimated from these 

SNPs according to the following algorithm:

rs7412

rs429358 AA BA BB
*

BB E4/E4 (Alz) E2/E4 (rare, ~1%) --

BA E3/E4 E2/E4 (rare, ~1%) --

AA E3/E3 (most common) E2/E3 --

*
must be E2/E2 if BB is on rs7412; also the BB at rs429358 and BB at rs7412 combination has not ever been observed.

A quality control comparison was conducted in a sample of 2,880 participants who were 

included in a MESA substudy which genotyped the ApoE alleles. A kappa of 0.965 resulted 

showing excellent agreement between the ApoE isoforms estimated from snps and the 

genotyped results.

Statistical Analyses

As the focus of this manuscript is to describe the distribution of cognitive scores across 

demographic characteristics, particularly those related to socio-economic status and cultural 

factors, analyses were restricted to the following self-reported covariates: Demographics 

including age, gender, race/ethnicity, clinic site; SES variables including education, income, 

employment, occupational; household size, health insurance, house ownership; and cultural 

variables: primary language, country of origin, time residing in the US, generation in the 

US, English spoken in the home, language of MESA exam. The addition of the ApoE4 allele 

was also included due to its known association with cognitive function. Descriptive statistics 

were calculated as the N and % or mean (SD) for categorical and continuous variables, 

respectively. Chi-square tests or analysis of variance (ANOVA) determined differences by 

race/ethnicity. Means and standard deviations of each cognitive test were analyzed and 

presented for all sociodemographic variables with corresponding tests of differences applied 

using ANOVA. General linear models were used to examine the associations between each 

of the cognitive tests and the sociodemographic characteristics of participants adjusted for 

age, gender, race/ethnicity, and education. Because of the high proportion of foreign-born 

non-US speakers restricted to Hispanic and Chines participants, interpretation of results by 

race/ethnicity is problematic. Thus, regression models were only performed in participants 

who selected to have the baseline exam completed in English assuring greater comparability. 

While raw scores were used as the outcome in models assessing the DSC and DS, the CASI 

was log-transformed in order to better approximate a normal distribution. Forward and 

backward DS scores were analyzed separately since they assess somewhat different aspects 
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of memory. We present unstandardized beta coefficients, standard errors and p-values for 

each model. Effect size is shown as Cramer's V or unstandardized regression coefficients in 

the tables. Stata 12.0 was used to perform statistical analyses.

RESULTS

Exam 5 Sample Characteristics

During the 5th MESA examination, the CASI was completed by 4,591 participants across 

the six centers resulting in a completion rate of 96.8% of those returning for this follow-up 

visit. A total of 1,868 (40.7%) Non-Hispanic White, 1,212 (26.4%) Non-Hispanic Black, 

984 (21.4%) Hispanic, and 527 (11.5%) Chinese participants completed the test. The DS 

was completed by 4,577 participants for a 98.3% completion rate, while 4,164 (89.5%) 

individuals completed the DSC. The mean age of participant who completed the cognitive 

evaluation was 70.3 years (SD 9.5) and 53.1% were female (Table 1). Significant 

differences were found across racial/ethnic groups for all socioeconomic characteristics. 

Whites achieved a higher level of education than the other groups with 54.9% completing 

college or attending graduate school compared to 43.0% of Chinese, 36.8% of Blacks, 

11.1% of Hispanics (χ2
(12)=958.8; p <0.001). Whites also had higher income than other 

racial/ethnic groups with 27.6% reporting household income greater than or equal to 

$100,000 compared to 13.4% Chinese, 9.8% Blacks, and 18.0% Hispanics (χ2
(12)=740.7; p 

<0.001) . Only 2.8% of white participants did not have health care insurance coverage while 

17.3% of Chinese, 6.6% of Blacks, and 13.6% of Hispanics had none (χ2
(15)=372.7; p 

<0.001). A large difference in immigration status of MESA participants was apparent with 

only 7.2% of Whites but almost all Chinese (95.6%) born outside of the US; about two-

thirds of Hispanics (65.7%) and 10.3% of Blacks immigrated to the US (χ2
(12)=3200.0; p 

<0.001). Almost all Whites and Blacks spoke English as the primary language in their 

homes (> 99%) compared to 44.8% of Chinese and 71% of Hispanics (χ2
(3)=1500.0; p 

<0.001). A difference in carriers of the ApoE4 allele was also found with Blacks having the 

highest prevalence (34.5%) compared to 24.0% in Whites, 17.2% in Chinese and 20.5% in 

Hispanics (χ2
(12)=330.1; p <0.001).

Cognitive Test Scores, Demographic and Socioeconomic Characteristics

Mean scores for the three cognitive tests are shown in Table 2 by selected covariates. In 

general, cognition scores differed across socioeconomic and cultural variables as would be 

expected with higher scores found in those with greater education and income and lower 

scores in those less familiar with the English language and who have spent less time in the 

US. Carriers of the ApoE4 allele only performed slightly worse on the tests than did those 

without this allele; E4/4 allele carriers scored an average of 85.7 (SD 10.7) on the CASI 

compared to 87.0 (SD 11.4) by E3/3 carriers (F(3, 4586)=3.6; p=0.03). Scores on the DSC, 

Digit Span Forward and Digit Span Backward were 14.4 (3.9) vs. 15.4 (4.6) (F(4, 4154)=2.7; 

p=0.03), 9.2 (2.4) vs 9.7 (2.9) (F(4, 4565)=2.7; p=0.03 , and 5.2 (2.2) vs. 5.6 (2.4) 

(F(4, 4565)=2.1; p=0.08) for E4/4 and E3/3 carriers, respectively.

Table 3 represents associations between the cognitive test scores and selected 

sociodemographic and cultural variables using multiple linear regression adjusted for age, 
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gender, race/ethnicity and education in English speaking MESA participants. Across all 

three cognitive tests, age and education were consistently associated with cognitive scores 

after adjusting for other covariates. Cognitive performance decreased as age increased and 

as educational attainment decreased. However, differences in associations for some of the 

other factors were observed for specific tests. These are briefly discussed below.

While men and women performed equally on the CASI (B=0.002, SE=0.09, t(3682)=0.24, 

p=0.81), some differences by race/ethnicity were observed by test. After adjustments for 

age, race/ethnicity and education, men performed significantly poorer on the DSC (B=-4.43, 

SE=0.48, t(3295)=-9.33, p<0.001) and DS Backward (B=-0.22, SE=0.07, t(3662)=-3.12, 

p=0.002) while performing slightly better on the DS Forward (B=0.19, t(3662)=-2.48, 

SE=0.08, p=0.01). In terms of ethnicity, Chinese participants scored similarly to Whites on 

the CASI (B=-0.04, SE=0.03, t(1973)=-1.50, p=0.13), but scored an average 4 points better 

on the DSC (B=4.44, SE=1.37, t(1768)=-3.25, p=0.001) and slightly lower (DS Forward: 

B=-1.16, SE=0.23, t(1966)=-5.05, p<001; DS Backward: B=-0.80, SE=0.21, t(1966)=-3.81, 

p<0.001) on the memory tasks. Non-Hispanic Blacks and Hispanics scored lower on all four 

tests than did Whites (CASI: B=-0.06, SE=0.01, t(3068)=-5.02, p<0.001; DSC:B=-10.08, 

SE=0.54, t(2709)=-18.61, p<0.001; DS Forward: B=-0.38, SE=0.09, t(3056)=-4.39, p<0.001; 

DS Backward: B=-1.17, SE=0.08, t(3056)=-14.61, p<001). While these associations were 

adjusted for age, gender and education, it is important to keep in mind that many other 

important factors that influence cognition were not controlled in this study but will be 

examined in future papers.

Other economic variables ranged in strength of associations after controlling for age, gender, 

race/ethnicity, and education. Household income did not generally show associations with 

the CASI, while scores on the DSC ($50,000-$99,999: B=4.05, SE=0.87, t(1443)=4.67, 

p<001; and > $100,000: B=6.73, SE=1.00, t(999)=-6.71, p<0.001) and DS Backward 

($50,000-$99,999: B=0.45, SE=0.13, t(1595)=3.43, p=001; and > $100,000: B=0.65, 

SE=0.15, t(1116)=4.37, p<0.001) were related to household income. The DSC scores were 

also related to median neighborhood income (B=0.62, SE=0.11, t(3295)=5.64, p<0.001). 

Having no health insurance was inversely related to scoring on the DSC (B=-3.55, SE=1.25, 

t(3186)=-3.09, p=002) and DS Forward (B=-0.49, SE=0.19, t(2415)=-2.64, p=0.008) compared 

to having private health care coverage. Having two persons living in a household resulted in 

improved scores on the DSC compared to a single-person household (B=1.48, SE=0.56, 

t(2489)=2.62, p=0.009).

Cultural factors in these analyses of English-speaking participants focused on birthplace and 

time living in the US. Persons born in the US, regardless of the region of birth, scored 

significantly better on the DSC than did those born in other countries (US West: B=10.32, 

SE=1.11, t(690)=9.30, p < 0.001; US Midwest: B=6.73, SE=0.0.81, t(1485)=8.29, p<0.001; 

US South: B=3.39, SE=0.82, t(1643)=4.14, p<0.001; US Northeast: B=5.73, SE=0.96, 

t(900)=6.00, p<0.001). First generation immigrants performed worse on the DSC than did 

those who had been in the US four generations or longer (B=-5.77, SE=0.82, t(2010)=-7.03, 

p<0.001). While first generation participants scored about the same on the memory tests as 

those in the US for 4 or more generations (DS Forward: B=0.04, SE=0.14, t(2493)=3.64, 

p=0.79; DS Backward: B=0.16, SE=0.12, t(2233)=1.28, p=0.20), second generation (DS 
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Forward: B=0.57, SE=0.13, t(2290)=4.41, p<0.001; DS Backward: B=0.45, SE=0.12, 

t(2290)=3.96, p<0.001) and third generation (Digit Span Forward: B=0.40, SE=0.11, 

t(2493)=3.64, p<0.001) did better than others. Compared to US born, immigrants living 30 

years or longer in the US performed more poorly on the DSC (B=-5.37, SE=0.96, 

t(3150)=-5.62, p<0.001). Persons carrying at least one copy of the ApoE E4 allele performed 

significantly worse than those with two E3 alleles on the DSC (B=-1.80, SE=0.56, 

t(2688)=-3.20, p=0.001), DS Forward (B=-0.39, SE=0.09, t(3090)=-4.25, p<0.001) and DS 

Backward (B=-0.25, SE=0.08, t(3090)=-3.02, p=0.002). A strong associations was not found 

between the ApoE E4 carriers and the CASI perhaps due to the language orientation of the 

test (B=-0.03, SE=0.01, t(3101)=-2.00, p=0.04).

CONCLUSION

In this study of cognitive performance in the MESA cohort, we found a number of 

differences among the four racial/ethnic groups that could affect performance on cognitive 

tests directly or indirectly. Our examination of the unadjusted associations between socio-

economic factors and mean cognitive functioning scores revealed that age, education, 

household income, health insurance, number in the household, place of birth, years in the 

US, English spoken in the home, generation in the US, and occupational status were 

significantly and robustly associated with performance on the cognitive tests representing 

key cognitive domains. Our multivariate regression revealed cognitive performance to be 

consistently and robustly related to age, race/ethnicity and education but less consistently 

associated with household income, health insurance, number in household, place of birth, 

generations in U.S., years in U.S., and APOE4 carrier status. For these socio-cultural factors 

the pattern varied across tests suggesting that cognitive abilities may be differentially 

sensitive to these factors. For example, gender was more strongly related to processing 

speed (DSC) and the more difficult working memory test (Digit Span Backward) with men 

performing slightly poorer. In terms of racial/ethnic differences, Non-Hispanic Blacks and 

Hispanics scored lower across domains compared to Non-Hispanic Whites, while Chinese 

performed better in terms of processing speed, poorer in memory but did not differ from 

Whites on global cognition. While no differences in global cognition performance (CASI) 

were found for any specific socioeconomic or cultural variable besides education, lack of 

health insurance was found to be related to poorer performance in each of these domains. 

Cultural variables (i.e. place of birth, time in the US) showed the greatest association with 

processing speed results (DSC). Compared to E3/E3 carriers, individuals who carried an 

ApoE4 allele scored more poorly in the domain specific tests than on overall global 

cognition.

The current study found commonly-observed patterns of cognitive test score differences 

among racial and ethnic groups. A discussion of contributors to this pattern is beyond the 

scope of this paper, and the reader is referred elsewhere for comprehensive empirical 

reviews and analyses (e.g. 21-23). However, known contributors are complex, 

multifactorial, and include the characteristics of the initial test development and validation 

samples, educational attainment, educational quality, geographic region, acculturation, and 

culture of the testing environment itself (22-25). In addition, due to patterns of incongruence 

between impaired cognitive performance scores and behavioral function in minority 
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samples, the clinical validity of meaning ascribed to lower cognitive scores in these groups 

is also an issue of concern (21, 22).

Although there is a body of literature demonstrating that adjusting for one or more of the 

contributing factors, particularly education-related variables, can attenuate or even eliminate 

racial/ethnic differences in cognitive performance (26-28), many of the influencing cultural 

and socioeconomic factors cannot be adequately quantified or accounted for with statistical 

approaches (21,25). As a result, caution has been recommended with regard to comparison 

and interpretation of racial/ethnic group performance differences from cross-sectional data 

(21). It can be argued that a more reliable approach to cognition research across racial/ethnic 

and cultural groups may be to examine intra-individual patterns of changes in cognition 

longitudinally (something hopefully possible in the future via longitudinal MESA cognitive 

assessments).

The current study provides baseline data for each racial/ethnic group in MESA. The data are 

not presented for the purpose of interpreting cognitive performance differences between 

groups at baseline. Rather, these data will be used for future analyses of patterns of cognitive 

decline among and within groups, including analyses stratified by ethnicity, and will allow 

identification of differential or similar effects of key variables contributing to cognitive 

decline longitudinally. These data can also be used to characterize the associations between 

cognition and the health outcomes measured in MESA. Far less is known about language 

and cultural influences on cognition function. While it is obvious that persons being tested 

outside of their primary language may not perform optimally, the extent to which non-native 

but perhaps fluent language skills have on testing is unknown. There are also other cultural 

influences that may affect both true cognitive development during childhood in addition to 

testing ability.

Although the CASI was developed and validated in Chinese and Spanish, it is still very 

possible that language and cultural biases exist. We tried to eliminate some of these potential 

biases by including tests in the MESA cognitive battery that relied on parameters other than 

verbal understanding, such as the DSC which utilizes symbols to measure processing speed 

and the DS which only use series of numbers to assess memory. However, it is still possible 

that misunderstandings based on instructions provided by the administrator or other issues 

may have impacted scoring results. The quality control provided by development of a 

manual of operations, monitoring and reviewing of technician administration, regular 

conference calls and retraining when needed were instituted to reduce error caused by this.

Strengths of the MESA cohort include the large sample size and excellent retention in the 

5th follow-up examination over a decade later. The inclusion of four racial/ethnic groups 

within the same set of standardized interviews and procedures also allows more direct 

comparisons by group than could be made between different cohorts or studies. MESA 

collected a large variety of sociodemographic and cultural measurements in an attempt to 

better understand clinical differences by race; those same measures were available for use in 

evaluating sources of differences in cognition. However, limitations of these data from a 

social or cultural perspective, as discussed above, remain. It is also possible that residual 

confounding within variables exists. As multiple testing increased the probability of chance 
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findings, this should be considered when viewing results especially for weak association. 

Small sample size within cells may also have affected results of regression analyses. We did 

not include tests of interactions between the many variables presented here which assumes 

equal relationships and is a limitation of the analyses. It should also be noted that as MESA 

participants were not a random sample but were recruited in a variety of ways, results may 

not be generalizable to other populations. Regardless, the results provided here reflect a 

sound analytic approach to evaluating sociodemographic influences on cognitive function in 

a multi-ethnic cohort of older adults.

While results of the analyses presented here cannot be considered conclusive due to the 

many variables that were not included in models, the objectives of this study were met in 

providing methodologies and preliminary results of cognitive testing in the MESA cohort. In 

addition to providing a baseline for future exams, these data will be investigated more 

comprehensively in follow-up papers that will focus on individual topics affecting cognitive 

processes including environmental factors such as subclinical and clinical diseases, lifestyle 

behaviors, laboratory risk factors, as well as genetics. The measurement of cognitive 

function in MESA presents an important opportunity to delve further into a better 

understanding of factors that influence cognitive performance and to ultimately address 

interventions for prevention of cognitive decline.
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